Background
Introduction
The hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and Treponema pallidum (TP) are blood-borne pathogens that are responsible for important infectious diseases. For example, it was reported that 240 million people were chronically infected with HBV and 150 million were chronically infected with HCV on World Hepatitis Day (July 28, 2014) [1] . Therefore, the World Health Organization (WHO) and its partners have urged policy-makers, healthcare workers, and the public to reconsider the importance of this silent killer [1] . Furthermore, during 2008, it was estimated that approximately 36.4 million adults worldwide were infected with syphilis [2] . Moreover, the HIV epidemic in China has gradually increased, and it was estimated that 780,000 people were infected with HIV during 2011 [3] . Unfortunately, the transmission of these infectious agents can involve various routes, including vertical transmission (from mother to infant), sexual contact, exposure to blood, and/or the transfusion of blood products. Therefore, hospitals are a common setting for transmission, both from patient to hospital staff (or vice versa) and from patient to patient.
The WHO also recommends comprehensive screening for all blood donations, using a quality control system to screen for HBV, HCV, HIV, and syphilis [4] . Thus, Chinese hospitals have implemented routine and mandatory screening tests for these infections, which take place before elective surgeries, invasive endoscopies, hospitalization, and blood transfusions and at pregnant women's first antenatal visits. Therefore, we report our experience regarding the seroprevalences of HIV, HBV, HCV, and TP among Chinese individuals who were screened at the Peking Union Medical College Hospital (PUMCH) in Beijing, China. Using these findings, we aimed to evaluate the significance of this testing at one of China's largest general hospitals.
Subjects and Methods

Ethics statement
The PUMCH Ethics Committee approved this retrospective study's design (reference no.: SK-011) and waived the requirement for informed consent, as the 3-5mL of blood from each subject were collected for routine medical purposes and the subjects' medical records were deidentified before the analysis.
Study population
Between January 2010 and June 2014, we conducted a cross-sectional analysis of 416,130 Chinese inpatients, outpatients, and healthy individuals who were screened at PUMCH, in order to estimate the seroprevalences and risk factors that were associated with HBV, HCV, HIV, and TP infection. Our institution is a large general hospital (1,800 beds) that includes various departments and clinics, which provide medical care to people in Beijing and throughout China.
Laboratory testing
A blood sample of 3-5 mL was drawn from each subject using a sterile Vacutainer (BectonDickinson Vacutainer System) for routine medical purposes, and the serum was separated via centrifugation. The serum specimens were then screened for the HBV surface antigen (HBsAg), anti-HCV antibodies, and HIV antigens/antibodies (Ag/Ab) using an automated chemiluminescence microparticle immunoassay (CMIA; Abbott i2000 SR). Based on the manufacturer's instructions, positive results were recorded when the signal-to-cutoff ratio of the serum specimen was 1.0, and negative results were recorded for a signal-to-cutoff ratio of <1.0. For anti-HCV antibodies, all serum specimens with signal-to-cutoff ratio equal or more 1 but less than 5 in Abbott i2000 SR system were confirmed by Vitros 3600 system, Ortho Clinical Diagnostics, a Johnson & Johnson. Western blotting (MP Biomedicals Asia Pacific Pte Ltd.) was used to confirm positive screening results for HIV Ag/Ab. During 2010 and early 2011, the serum specimens were tested for TP using the rapid plasma regain test (RPR) (Shanghai Kehua Bio-engineering Co., Ltd.). However, from the latter part of 2011 to 2014, the CMIA was used to test the serum samples for TP (as well as HBV, HCV, and HIV).
Statistical analysis
All data were coded, entered, sorted, and analyzed in Microsoft Excel 2007 (Microsoft Corp., New York, NY); p-values of <0.05 were considered statistically significant. For convenience, the age for pediatric patients (in days and months) was rounded off to the nearest year. The chi-square test was used to compare seroprevalences according to patient age, sex, hospital department, and year.
Results
Characteristics of the subjects
The subjects' characteristics are shown in Table 1 . A total of 416,130 Chinese individuals were screened between January 2010 and June 2014; 39.3% (n = 163,548) were men and 60.7% (n = 252,582) were women. The subjects' ages ranged from one day after birth to 108 years (mean age, 45.6 ± 16.9 years; median age, 45 years).
Seroprevalences of HBV, HCV, HIV, and TP. The average seroprevalences of HBV, HCV, HIV, and TP during the study period were 5.72% (22,453/392,211), 1.23% (3,698/ 301,584), 0.196% (671/343,073), and 0.76% (1,904/250,997), respectively. Among the patients who were tested for TP, 0.53% (225/42,721) was defined as seropositive via the RPR test and 0.81% (1,679/208,051) was defined as seropositive via the CMIA. Of the 671 patients (0.196%) who initially screened positive for HIV, 392 (0.114%) cases were confirmed positive via western blotting, 157 (0.046%) were confirmed negative, 112 (0.033%) were undetermined, and 10 (0.003%) were lost to follow-up. When we excluded undetermined cases and those lost to follow-up, the average specificity of the CMIA for HIV was 71.4%, although the specificity varied according to subject characteristics and the treatment department. Sex-specific differences in the seroprevalences of HBV, HCV, HIV, and TP were relatively large, especially regarding the seroprevalences of HBV and HIV ( Table 2 ). The seroprevalences of HBV and HCV decreased from 6.21% and 1.58%, respectively, in 2010, to 5.37% and 0.988%, respectively, in 2014. However, the prevalence of confirmed HIV infection increased by nearly 4.5-fold over the study period, from 0.038% in 2010 to 0.17% in 2014.
We observed a curved seroprevalence distribution for HBV according to age, with the highest prevalence (6.98%) observed in patients who were 41-50 years old (Fig 1) . The 6.98% of HBsAg was significantly higher than the average prevalence (5.72%) of the studied population (χ 2 = 185.4, p<0.001). In contrast, the seroprevalences of HCV and TP increased with age. The seroprevalence of HIV also increased with age, from 0.094% (positive screening) and 0.019% (confirmed cases) in subjects who were 0-10 years old, to 0.35% (positive screening) and 0.25% (confirmed cases) in subjects who were 21-30 years old. However, the seroprevalence of HIV subsequently decreased to 0.055% (positive screening) and 0% (confirmed cases) in subjects who were >80 years old.
The sex-related differences in the seroprevalence of HIV according to age are shown in Fig  2. The seroprevalence of HIV infection in men (both positive screening and confirmed cases) increased during the teenage years, and peaked at the ages of 21-30 years, in which the prevalence was statistically higher than the average of total subjects (0.929% vs.0.196% for screening, χ 2 = 358.8, p<0.001; 0.786% vs.0.114% for confirmed, χ 2 = 475.0, p<0.001). However, after the age of 60 years, the seroprevalences of HIV in men were similar to the seroprevalences among women. The seroprevalences of TP, based on the RPR test (n = 42,721) and anti-TP (n = 208,051), according to age are shown in Fig 3. The anti-TP recorded a slightly higher seroprevalence at most ages (compared to the RPR test), although the RPR test recorded a slightly higher seroprevalence at ages >80 years old. The seroprevalence of RPR in subjects who were or >60 years old were 0.448% and 0.822%, respectively, the difference was statistically significant (χ 2 = 18.1, p<0.001). Also, the seroprevalence of anti-TP in subjects who were or >60 years old were 0.71% and 1.17%, respectively, the difference was also statistically significant (χ 2 = 91.6, p<0.001).
Co-infection rates for HBV, HCV, and HIV
The co-infection rates for HBV, HCV, and HIV are presented in Table 3 , although the TP seroprevalence data were excluded, because of the presumably high false positive rates in the subjects who were >60 years old. Among subjects who were HBV positive, 0.93% exhibited co- infection with HCV. Among subjects who were HCV-positive, 4.20% exhibited co-infection with HBV. These co-infection rates were lower than the total average prevalences of HCV (1.23%) and HBV (5.72%) infection. In contrast, among subjects who were HCV positive, 0.47% exhibited co-infection with HIV. Among confirmed HIV-positive subjects, 7.33% exhibited co-infection with HCV. These co-infection rates were higher than the average seroprevalences of confirmed HIV (0.114%) and HCV (1.23%) infection.
Discussion
Previous studies have reported that the prevalence of HBV was 9.8% in the general Chinese population and that 9-12% of children who were <5 years old had an HBV infection before the introduction of a nationwide HBV vaccination program, which was implemented in 1992 [5] . However, the prevalence of HBV has subsequently decreased to 7.2% among the general population in 2006, to 2.1% among all children who were born between 1992 and 2005, and to 1.0% among children who were born after 1999 [6, 7] . Interestingly, we also observed a decrease in the seroprevalence of HBV, from 6.2% in 2010 to 5.4% in 2014. Furthermore, we found an average seroprevalence of 0.63% for HBV in children who were <10 years old, which is similar to the reported prevalence of 0.71% for HBV among hospitalized patients who were <16 years old (in Zhejiang Province, southeast China) [8] . Moreover, the curved distribution of HBV seroprevalences according to age was similar to the findings of previous reports [9, 10] . This curved distribution is likely due to the fact that middle-aged subjects are least likely to have been immunized for HBV (a peak prevalence of 7% was observed among subjects who were 41-50 years old), and that older patients are increasingly likely to die due to HBV-related cirrhosis and hepatocellular carcinoma [11] .
The rapid global spread of HCV infection is primarily due to efficient transmission via blood transfusion and exposure to contaminated medical equipment [12] . Based on the national epidemiological survey of viral hepatitis (1992-1995), the average prevalence of HCV was 3.2% in the general Chinese population [13] . Furthermore, the pooled prevalence of HCV infection before 1998 was 12.87% among blood donors, although it subsequently decreased to 1.71% after 1998 [14] . In our study, the average seroprevalence of HCV was 1.23% among all subjects, although the seroprevalence of HCV was 1.75% among subjects who underwent an annual health examination, and these subjects are likely more representative of the general adult population in Beijing. Interestingly, the seroprevalence of HCV decreased from 1.58% in 2010 to 0.988% in 2014, which may be due to the Blood Donation Law, which was enacted in 1998 and shifted blood donation from paid to voluntary donations. In addition, China introduced national regulation to prevent nosocomial infections during 2006, which might also take effort to reduce the prevalence of HCV. Nevertheless, as we did not follow-up the subjects who were HCV seropositive, it would be difficult to determine if the elevated HCV seroprevalence according to age was due to greater exposure to HCV or to false reactions that were caused by aging.
The previously reported prevalence of HIV infection at general hospitals in eight Chinese cities was 0.17% [15] . This prevalence was similar to our average seroprevalence (0.196%), which was determined via the CMIA screening test. In the present study, 21-30-year-old men had the highest seroprevalence of HIV (0.8%), and the prevalence of confirmed HIV infection increased steadily from 0.038% in 2010 to 0.17% in 2014. Epidemics of HIV infection in China focus on three populations, injecting drug users, female sex workers and men who have sex with men (MSM). HIV prevalence was stable in the first two populations, but it increased from 1.77% in 2000 to 5.98% in 2010 in MSM [16] , and even higher prevalence was found in MSM in Eastern China (11.3%) [17] and in Tianjin city (12.4%) which was only 137 km from Beijing [18] . MSM sought free HIV testing through blood donation screening [19] , or they also might seek HIV testing in our hospital. So, we presumed that the high HIV prevalence in 21-30-yearold men was highly associated with MSM. The reported prevalence of HIV infection among pregnant women was 0.66% in Brazil during 2014 [20] , 0.38% in India during 2013 [21] , 0.1% in Spain during 2006 [22] , and 0.01-0.02% in Zhejiang Province (eastern China was low) during 2007-2013 [23] . In contrast, we found that only 0.053% of pregnant women were HIV seropositive at the initial screening test, and none of these cases were confirmed to be HIV positive via western blotting. This finding appears to indicate that the vertical transmission of HIV is limited at our institution. However, the reported prevalence of HIV infection among 4,366,283 Chinese blood donations was 0.088% (2000-2010) [5] , and we also observed that the seroprevalence of HIV in individuals for health examinations was 0.0558% (6/10,286) during our initial screening, although the prevalence of HIV decreased to 0.029% when we only considered confirmed cases (via western blotting).
The Abbott Architect i1000SR HIV Ag/Ab Combo assay has a reported specificity of 81.25% in a low incidence (0.64%) population [24] . However, we found that the specificity of this assay was low among low-risk subjects, who included all female subjects, pregnant women, and patients who sought care in the Obstetrics and Gynecology and Pediatrics departments. Nevertheless, the assay's specificity was >90% in high-risk subjects, especially among patients who visited the Infectious Disease and Hepatitis Clinic (92.7%), Dermatology and Sexually Transmitted Diseases (92.5%), and Emergency (97.5%) departments. This finding is likely because there is a relatively high incidence of HIV infection in these departments. In addition, the overall specificity of the HIV CMIA increased from 57.9% in 2010 to 70.8% in 2011 (Table 2) , which may be related to the assay's updated HIV-Ab reagent, which was introduced during 2011.
Chen et al. [25] have reported a resurgence of syphilis in China during the past 20 years, and another Chinese study [26] has found that there was a significant growth in the serological markers of syphilis among first-time Chinese blood donors (2008) (2009) (2010) . In contrast, we did not observe a serious syphilis epidemic, as the overall seroprevalence of TP was only 0.76%, and the seroprevalence was only 1.73% among patients who visited the Dermatology and Sexually Transmitted Diseases clinic. However, as syphilis is a sexually transmitted disease, it is difficult to explain the increased seroprevalence of TP that we observed among subjects who were >60 years old. One possible explanation for this observation is that false positive reactions increase with age (i.e., interference). This potential interference would be relevant in clinical practice, as physicians and surgeons at our institution (and possibly other institutions) prefer to avoid elective operations, endoscopies, or pacemaker installations if the patient is seropositive for TP.
The association between HBV and HCV infections may be related to their shared transmission routes, especially blood transfusion. In addition, the estimated prevalences of HBV and HCV co-infection are approximately 5-20% among HBV-positive patients and 2-10% among HCV-positive patients, although these prevalences vary widely according to geographical location [27] . For example, Liaw et al. have reported that the HBV and HCV co-infection rate was 12% among HBV-positive patients in Taiwan [28] , although Tyson et al. [29] have reported that the HBV and HCV co-infection rate was only 1.3% among a large sample of American HCV-positive patients. In contrast, we found that the HBV and HCV co-infection rates among HBV-or HCV-positive subjects were similar to the average seroprevalences in the general study population. However, HIV co-infection influences the clinical outcome of patients with an HCV infection by accelerating progression to advanced liver disease [30] . Similarly, we also found that HIV and HCV co-infection was more common among patients who were HCVpositive or who had a confirmed HIV infection.
